Objectives: To identify the characteristics associated to nipple trauma in nursing mothers and propose a theoretical model explaining in hierarchical levels its determining factors. Methods: a systematic review of the literature based on the search of epidemiological studies of factors associated to nipple trauma in the databases of Medical Literature Analysis and Retrieval System Online/Pubmed, Literatura Latino-Americana and Caribe em Ciências da Saúde (Latin American Literature and Caribbean Health Sciences) and ScienceDirect. The conduct on searching articles occurred until June 2016.
Introduction
It is documented that maternal breastfeeding (MB) confers large benefits to the mother and child's health. [1] [2] [3] [4] However, some problems are faced by nursing mothers during breastfeeding, the example is nipple trauma and may contribute to lower prevalence of maternal breastfeeding. Intervention measurements against its determining factors are necessary for the prevention of diseases. [5] [6] [7] [8] [9] Nipple traumas are characterized by erythema, edema, cracks, fissures, blisters, abrasions and ecchymoses. [10] [11] [12] In relation to the types of nipple injuries, there is no consensus as regarding to the degree of impairment of the tissue layer on the nipple-areola region. 13, 14 The lack of clinical definition for nipple trauma results in disagreements, up to a point that its diagnosis and treatment may be compromised. 14 It is suggested that in the context of assisting nursing mothers, nipple trauma may be defined as an alteration in the normal anatomy of the nipple skin with the presence of a primary lesion caused by the modification of the color or thickness and not only as a solution of continuity on the skin. 14 The location of the lesion is observed in the upper part of the body and around the base of the nipple, more often found at the tip of the nipple 10, 12, 15 involving dermis and epidermis with the presentation in the form of linear ulceration or curved. 13 The woman presents symptoms of severe pain on the nipples during breastfeeding. 15 Often nipple traumas are a gateway for pathogenic microorganisms, as mastitis, 11, [16] [17] [18] a Staphylococcus 19 infection and as major complications nipple candidiasis. 20, 21 A study was carried out during the national vaccination campaign formed by mothers of children under the age of one, and found that lactational mastitis was more prevalent among women who had nipple fissure. 22 Among the various approaches for the prevention of nipple trauma, there is an attention in the relation to the positioning and the adequate handling of the infant to the mother's breast, [22] [23] [24] as the injury has been related to the strong pressure exerted on the nipple or the friction of the child's mouth during the suction, this may come as a result of inadequate handling. 15 The survey on factors associated to nipple injury is the utmost importance basis on clinical practice for health professionals, as well as for directing intervention measurements and consequently increasing the duration of maternal breastfeeding. This current study aimed to identify the factors asso-ciated to nipple trauma, through a systematic review of literatures, additionally to propose a theoretical model explaining its determinants in hierarchical levels.
Methods
This is a systematic review of literatures on the factors associated to nipple trauma in the lactational period, in which a pre-established protocol was used for the search, the selection and data collection, based on Preferred Reporting Items for Systematic Reviews (PRISMA) guidelines for meta-analysis studies and systematic review. 25 The review was based on searches of indexed publications in the following databases: Medical Literature Analysis and Retrieval System Online (MEDLINE)/PubMed, through the National Center for Biotechnology Information (NCBI) 26 27 at http://regional.bvsalud.org and ScienceDirect 28 database at http://www.sciencedirect.com/science/ search. As a complementary form of bibliographic search, the strategy of comparing the references cited in each reviewed article with the bibliography has been adopted to obtain the aforementioned above.
In order to ensure the searches, Descritor em Ciências da Saúde (Descriptor in Health Sciences) (DeCS) was consulted. The terms used in the search were: "(((trauma [Title/Abstract]) or sore [Title/Abstract]) or breastfeeding [Title/Abstract]) and nipple [Title/Abstract])))". There was no delimitation in the publication period or language restriction. On ScienceDirect database, a filter was used "trauma or sore or breastfeeding and nipple [All Sources (Medicine and Dentistry, Nursing and Health Professions, Psychology, Social Sciences)]" to view the studies of interest. The conduct of searching articles occurred until June 2016.
The inclusion research criteria were considered as: epidemiological studies with quantitative analysis of factors associated to nipple trauma in breastfeeding women. Studies based on literature reviews (systematically or not), research involving specific populations, absence of abstract and study pilot were excluded. Two independent reviewers conducted the searches and assessed the titles and abstracts of the obtained references. All potentially eligible publications for reading in full were Factors associated to nipple trauma in lactation period selected. The inclusion of the articles and data extraction in the review were also conducted independently, the compared results and the disagreements were solved consensually between both reviewers. In the event of non-agreement between the peers, a third reviewer was consulted.
The appraisal of the quality of the studies were performed based on the type of study, presence of a structured abstract, introduction with background and justification; method on population recruitment; selection of the population/sample; data collection instrument; non-response informed rate; interviewers' training; performance on statistical analysis; study limitation and considered biases; interpreted results according to evidence and general results. The qualification criteria will correspond to a scale 29 adapted for this study with a maximum score of 29 points for each article. "Score zero" was considered when the information was not specified in the text, or did not meet the minimum criteria for the classification of quality.
The data extraction was performed by means of the structured form. Once completed the form, the data entry was performed, including: the reference of the article (with the last name of the first author, journal and the year of publication); the study site and the year of data collection; type of study and numbered sample assessed; the objective of the study; statistical analysis applied; prevalence/incidence of the outcome in the study population; factors associated to nipple trauma, as well as the factors that did not obtain the statistical significance level determined.
Aiming to build a theoretical model, the association found between the factors investigated and nipple trauma were analyzed individually, highlighting and quantifying the following aspects: in how many studies were these factors used and how many identified the association to the outcome.
The last step of the study was the construction of a hierarchical model with the organization of the factors listed in the systematic review in levels according to the proximity of the outcome. Four levels of determinants were proposed: 1-distal (individual maternal characteristics and family, related to the characteristics prior to the pregnancy); 2-distal intermediaries (characteristics of prenatal care); 3proximal intermediaries (characteristics related to childbirth care); 4-proximal characteristics (maternal characteristics of neonates and health care services, related to postpartum and the process of maternal breastfeeding). 30, 31 
Results
In the electronic search 531 articles were found and removed six repeated articles. Evaluated 525 titles and summaries, which 493 references were excluded for not meeting the pre-established criteria and 32 articles were selected for full text reading. Two articles were considered as loss due to the unavailability of the acquisition of the work and five articles were added from the lists of references from the selected articles, resulting in a total of 35 papers that were read thoroughly ( Figure 1 ).
After reading 18 references, three articles used a specific population of premature neonates and seropositive women for the Human Immunodeficiency Virus (HIV), two study pilots, a case study and 12 references for not assessing nipple trauma as an outcome were excluded. At the end of this process, 17 studies met the inclusion criteria ( Figure 1) .
As for the quality of the studies, no evaluated article obtained the maximum score of 29 points, according to the reference standard applied. The result of the methodology qualification from the selected articles was between 11 to 21 points (Table  1 ). In relation to the research outline, six studies were cross-sectional, three cohort studies, two casecontrols and six intervention studies. 10 studies were conducted in South America (Brazil, Chile and Uruguay), two in Europe (Italy and Denmark), one in Africa (Libya) and four in Australia. The smaller sample was comprised of 60 women and the largest constituted of 1,020 participants ( Table 2 ).
The prevalence of nipple trauma found in the studies was between 26.7% to 52.75% and the incidence of 16% to 100%. Among the methods of analysis used, four studies used the logistic regression as a multivariate method. In Table 2 shows the variables associated to nipple trauma and the variables with no statistical significance. In Table 3 outlines the number of times each variable was investigated and associated to the outcome of the study.
The factors associated to nipple trauma were organized in the respective hierarchical model levels, constructed from the variables studied ( Figure 2) . At the distal level, which included the individual maternal characteristics and family, it is understood: mother´s race/color white or yellow, 32, 33 primiparity, 32, 34, 35 presence of nipple fissure in previous pregnancies 35 and mother does not live with a partner. 34
Figure 1
Flowchart of the selection process of studies included in the systematic review on factors associated to nipple trauma in lactational period.
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Nipple trauma
At the distal intermediate level which refers to the characteristics of prenatal care, the guidance received on handling and adequate positioning of the infant to the mother's breast was considered as a protective factor for nipple trauma. 23 At the proximal intermediate level constituted by the characteristics of childbirth care, an association to nipple injury was observed: the use of anesthesia at childbirth, 32 gestational age between 37 and 40 weeks 32 and the presence of breastfeeding in the first hour of life. 34 At the proximal level constituted of maternal and newborns characteristics and the health care services related to postpartum and the process of maternal breastfeeding, the variables identified as factors associated to nipple trauma were: semi-protruding and/or malformed nipples, 32 inadequate positioning between mother and child during breastfeeding, 7, 12, [35] [36] [37] incorrect handling of the infant to the mother's breast, 7, 12, 33, [36] [37] [38] presence of breast engorgement, 34 nipple pain, 33 lactational mastitis, 12 baby bottle feeding 39 and/or pacifier. 39 
Discussion
This systematic review investigated epidemiological studies on nipple trauma. The selected studies demonstrated differences in prevalence rates between 26.7% to 52.75%, as well as in the estimated incidences that ranged from 16% to 100%. The variability of the measurements found can be explained, among other reasons, by special features in the definition of the outcome, by the study design, different sample sizes or losses on the follow-ups registered in some studies.
The first week after childbirth, it was the period of the greatest appearance of nipple injuries. 32, 34, 39, 40 Corroborating with this finding to other studies, 41,42 that identified a higher incidence of nipple injury between the second and third day of postpartum. However, teaching the technique of breastfeeding within the first few days after childbirth and the observation of breastfeeding are essential for the prevention and reduction of nipple trauma.
The incorrect handling of the infant to the mother's breast and the inadequate positioning between mother and child were associated to nipple trauma in most number of studies, followed by primiparity and mother 's race/color white or yellow. In the adequate handling to the breast, the child must be with the lips facing out, mouth wide open, the appearance of rounded cheeks, the presence of more areola above the child's mouth (asymmetric handling) and the chin touching the mother's breast. In the proper placement during breastfeeding, the child's body is near and facing the mother, the head and body aligned, the mouth is the same height as the nipple and the infant's buttocks supported. 43, 44 Regarding to the infant's handling, studies have identified as unfavorable parameters of the child's chin away from the breast, 34 the bottom lip facing in, 34 the mouth a little opened 38 and absence of the asymmetrical handling. 38 However, in another study, the criterion of asymmetric handling was not a sufficient parameter for defining this, because in the assessment of breastfeeding some mothers had a small areola circumference and for this reason all the nipple-areola region remained covered by the neonate's lips, hindering the view on the observation of breastfeeding. 33 Inadequate technique in breastfeeding, including the handling and the positioning between mother and child was also associated to breast problems in other studies. 12, [35] [36] [37] In this aspect, intervention actions are essential to prevent the appearance of nipple injuries. 34, 36, 38 In this current study, the set of variables that has been identified as potential predictors were classified in hierarchical levels, according to the proximity of the factor exposure with the outcome. At the proximal level, which refers to the characteristics of the postpartum and breastfeeding process, in addition to the incorrect handling of the infant and the inadequate positioning between mother and child were also considered as predictors of nipple trauma, the nipple type was not favorable, the presence of breast engorgement, nipple pain, the use of baby bottle and pacifier. The occurrence of lactational mastitis was also included in this level.
It was observed that nursing mothers with breasts engorgement presented a greater chance to occur nipple trauma. 7 In these cases, the complex area of the nipple-areola region is flatten so more distortion of the anatomy of the breast, a fact that makes it difficult to handle the infant correctly, leading to nipples injuries. 45, 46 Women with malformed nipples also presented greater chances to occur injuries when compared to breastfeeding women with protruding nipples format. 32 The nipple injury was associated to pain, 33 a common symptom that may occur in the first few hours of maternal breastfeeding 47 and is indicated as inadequacy of handling the infant to the mother's breast. 24 Women who experienced pain during breastfeeding should be assessed by health professionals, with the observation on the feeding tech-nique. 24 The diagnosis and early treatment of handling and inadequate positioning can reduce the consequences generated by the women, among all of this, the interruption of maternal breastfeeding. 47 In relation to the use of baby bottles and/or pacifier, children can present a pattern of inadequate suction of the mother's breast by distorting the movements of the tongue, causing the so-called "nipple confusion". In the usual behavior on the suction of a baby bottle, children use the tongue to control the flow of the milk from the tip of the latex nozzle, while the correct suction on the mother's breast, is the tongue moving in waving motion to remove the milk, protecting the nipple from frictions and injuries. 48, 49 Studies have reported an association between pacifier use and the technique of inadequate breastfeeding. 48, 50 However, a review of 14 articles found little evidence of the causal relationship between the use of pacifiers and baby bottles and nipple confusion. 51 The local or general lactational mastitis is joined to nipple trauma. 12 The authors emphasized this because it is a retrospective study and they did not allow the determination of cause and effect. Other studies have related nipple fissure to the development of lactational mastitis. 11, 16, 17, 18, 22, 52 At the proximal intermediate level were identified as factors associated to nipple trauma, the use of anesthesia during childbirth, neonates' gestational age between 37 and 40 weeks and breastfeeding in the first hour of life. There was a significant association between epidural anesthesia received by women for a cesarean section or episiotomy in the vaginal delivery having nipple injury. The presence of discomfort and pain in the surgical incision can compromise the positioning of the puerperal to breastfeed her child, resulting in the appearance of nipple injury. 32 Mothers who had cesarean sections were more likely to have problems related to breastfeeding, including nipple fissure, in comparison to women who had vaginal delivery. 53, 54 However, there were no relationship observed between nipple injury with the type of childbirth in a cohort study conducted in Australia with 340 primiparous women. 55 The incidence of nipple injury in mothers with newborns at term (37 to 40 weeks of gestation) was higher when compared to preterm infants of 32 to 37 weeks. 32 It may be inferred that the strongest force of suction and a better application of the breast tissue during breastfeeding of children born at term have contributed for nipple injury.
Breastfeeding in the first hour of life was identified as a risk factor for nipple injury, 34 which according to the authors, the result found is probably related to the handling and the incorrect positioning of the child to be placed for breastfeeding and this is not the strategy of breastfeeding in the first hour of life, as recommended for early establishment in maternal breastfeeding. 56 At the distal intermediate level, it was noted that guidance received during prenatal care on the technique of breastfeeding was a protective factor against the occurrence of nipple trauma, reflecting on the importance of the completeness care during this period to prevent nipple injuries and its possible consequences, although only one study has evaluated this feature. 23 Women who have had prenatal guidance presented less pain and nipple trauma during the first four days after childbirth, in addition to a higher prevalence of maternal breastfeeding within the six weeks after childbirth. 23 Educational programs in prenatal care can provide necessary knowledge, as well as contribute to increase the mother's confidence in her ability to breastfeed, important characteristics to initiate breastfeeding. The synergism of actions developed during the gestation and after the birth of the child is fundamental to prevent nipple injuries. A study performed with the puerperal women between the second and the fourth day postpartum showed that only 60% of women remembered about the guidance they received on breastfeeding during the prenatal period. 47 Similar to the guidance on breastfeeding technique performed only in the postpartum period which did not determine a positive effect in preventing nipple problems. 9, 57 At the distal level of the hierarchical model of this study, nipple trauma was considered as risk factors for mothers' race/color white or yellow, primiparity, presence of nipple fissure in previous pregnancies and mothers who did not live with a partner.
Nursing mothers' race/white or yellow color were related to nipple injury. 32, 33 Dark skinned women are less likely to present nipple injuries during breastfeeding due to the greater amount of melanin and consequently the increase of skin resistance to nipple trauma caused by the infants' suction. 32 However, in a case-control study, breastfeeding women's skin color is not self-referred as a determinant factor for the appearance of nipple trauma. 7 The primiparity is a factor that independently can be associated to nipple trauma. A study with puerperal women on exclusive maternal breastfeeding showed that primiparous women have a greater chance to develop nipple injury when comparing those with more than one child. 7 The educational program to correct positioning during the postpartum period did not show statistical significance in preventing nipple trauma in an intervention study with primiparous women. 58 The results of another study 37 indicated that most multiparous women presented satisfactory parameters in relation to the positioning and handling, which could be a result of the previous experience in the practice of maternal breastfeeding. It should be noted that primiparous women need different approaches to establish breastfeeding.
The presence of nipple fissure in previous gestation was associated to the appearance of nipple injuries in 204 women evaluated before hospital discharge. 35 In this study, it considered only the history of breast complications, no information about the characteristics of the skin and the nipple.
Nipple trauma was associated to the absence of the partner. 34 The authors discussed that the lack of the partner could leave the woman more insecure, making the practice of breastfeeding difficult. The lack of emotional and social support could interfere in the process of maternal breastfeeding and the occurrence of nipple injuries. 47 The mother's age, the schooling level, previous experience with breastfeeding, preparing the nipples during the gestation, the type of childbirth, classification of the newborn according to weight and gestational age, the child's gender, birth weight, guidance on positioning the child in the postpartum period, type and duration of maternal breastfeeding, there were no determinate factors for nipple trauma among the selected studies. However, the hierarchical model was kept due to the understanding of the biological plausibility of these characteristics as possible factors associated to nipple trauma.
There were no studies identifying the contextual level approach in respect to the factors related to the support actions and protection on maternal breastfeeding within the location (city/town), so this level will not be included in the hierarchical model proposed.
Regarding to the limitations of this present study, there is the possibility of not identifying and selecting some studies about the topic addressed and, for not entering in the search criteria that was established. Another limitation was observed regarding the methodological quality of the studies found, however, only four used the logistic regression as a multivariate analysis, limiting the possibility to identify confounders and effect modifiers. Furthermore, in virtue of the heterogeneity of the studies listed, it was not possible to employ the use of quantitative synthesis of the results by means of meta-analysis.
Final Considerations
Nipple trauma is a common problem among women in the lactational period, which can start immediately after the delivery. The main risk factors identified were: the incorrect handling of the infant to the mother's breast, the inadequate positioning between mother and child, primiparity and maternal race/color defined as white or yellow, characteristics observed, respectively in seven, six, three and two reviewed studies.
Other factors were identified as determinants for nipple trauma in at least one study: the presence of nipple fissure in previous gestations, mothers who did not live with a partner, the use of anesthesia during delivery, newborn's gestational age between 37 and 40 weeks, semi-protruding and/or malformed nipples, presence of breast engorgement, nipple pain, lactational mastitis, the use of baby bottle and/or pacifier. The guidance received on handling and appropriate positioning during the prenatal care was shown as a protective factor for nipple trauma.
The characteristics related to postpartum and maternal breastfeeding, classified in the proximal hierarchical level were the most investigated and identified as risk factors, indicating that the preventive actions aiming to reduce nipple trauma should be developed mainly in the postpartum period, with teaching techniques of breastfeeding. Although the results analyzed by different levels contribute to the understanding of the processes involved in the occurrence of nipple injuries, the current study does not have a definitive conclusion, since the practice of MB is the result of the interaction of multiple individual and contextual determinants.
